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OF  PROJECT: 
Objectives: 


NEUROLOGICAL  MECHANISMS  IN  EPILEPSY 

To  study  in  unanesthetiaed  animals  the  role  of  various  cere- 
bral structures  in  the  onset,  spread  and  clinical  manifesta- 
tions of  the  epileptic  attach.  The  relation  betveen  cere- 
bellum and  cortical  motor  areas  vill  also  be  considered. 


ABSTRACT  OF  RESULTS 

The  present  project  vas  activated  on  November  1,  1953,  therefore  ve  are 
reporting  only  tvo  months  of  work.  In  this  period  ve  have  prepared  five  cate 
and  tvo  monkeys  vith  multilead  electrodes  implanted  within  the  brain  structures. 
All  the  animals  are  alive  and  in  good  condition. 

Method 

The  electrodes  used  are  of  tvo  types:  a needle  electrode  for  implanta- 

tion within  the  brain  and  a plate  electrode  for  implacement  against  the  brain 
cortex.  Each  electrode  consists  of  six  vires  of  ensmelled  stainless  steel, 
each  wire  being  .003  inohas  in -diameter  and  Insulated  except  for  1 mm.  dis- 
tance at  the  tip.  The  exposed  tips  are  in  turn  separated  by  an  interval  of 
2 mm.  for  the  motor  area  and  1 mm.  for  the  cerebellum.  The  six  vires  are 
enclosed  In  polyethylene  tubing  and  the  total  diameter  of  the  needle  electrodes 
lying  Inside  the  brain  is  .5  tarn.  The  six  vires  are  attached  to  a sub-minia- 
ture radio  tube  socket  which  rests  on  the  outBide  of  the  head  of  the  animal. 

By  means  of  this  socket,  connection  Is  made  vith  the  stimulator  or  vith  the 
electroencephalograph.  These  needle  electrodes  are  implanted  vithin  the  brain 
vith  aseptic  precautions,  witr.  the  animal  under  anesthesia  and  using  a Horsley- 
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Clarke  stereotaxic  instrument . Needle  electrodes  are  Implanted  in  the  motor 
area  at  the  coordinate  A-25,  lateral  5.  In  the  cerebellum  the  needle  elec- 
trode e are  implanted  vith  a 15  degree  angle  at  a level  varying  from  5 to  6 on, 
above  the  0 plane,  7 to  10  mo.  from  the  middle  line.  In  three  cats  plate 
electrodes  vere  also  inserted  under  the  dura  of\  the  ansiform  lobule  of  the 
cerebellum.  The  use  of  tvo  Crass  type  S-k  stimulators  vith  stimulus  isolation 
units,  type  4-A,  allove  the  parameters  of  stimulation  of  the  two  areas  to  be 
varied  independently.  A relay  is  used  vhen  simultaneous  firing  of  both  stimu- 
lators Is  desired.  A rotor  timing  device  is  employed  to  ensure  a one  minute 
delay  betveen  stimulations,  as  veil  as  a two  seaond  stimulation  period. 
Electroencephalographies  recordings  are  made  on  a console  model  IIED,  6 channel 
Grass  recorder,  and  they  are  monitored  in  a 2 beam  Dumont  oscilloscope,  type  582. 
Motor  Defects  as  a Result  of  Electrode  Implantation 

Ne  observable  detrimental  effect r were  caused  by  implantation  of  needle 
electrodes  in  either  the  sere be Hum  or  motor  areas  in  the  cats  or  monkeys. 

Plate  electrodes  ware  employed  In  the  cerebellum  and  not  in  the  motor 
surea.  In  several  of  the  animals  go  studied,  it  was  found  that  a hind  limb 
deficit  occurred  with  go  apparent  changes  in  the  fore  limbs;  this  deft  jt  in  the 
hind  limbs  vas  observed  only  when  the  animal  attempted  voluntary  movement.  Wham 
Attempting  to  walk,  am  extension  of  both  hind  limbs  occurred  which  seemed  to 
clack  any  further  forward  movement.  For  about  a week  following  electrode  im- 
plantation, definite  ecrullibratory  defects  were  noted  in  several  of  the  animal . 
They  tended  to  fall  to  the  nidi  in  which  the  plate  electrode  had  been  implanted 
in  the  cerebellum. 

The  hyper extensibility  noted  above  appears  to  bs  in  an oor dance  with 
Shilton’ e (l)  oaatention,  based  on  his  extensive  ablation  Btudies  on  the  cere- 
bellum, that  the  greater  tonicity  of  the  anti-gravity  musculature  occurs  as  a 
result  of  hypernxeitability  of  the  etretch  receptors.  A similar  effect  of 
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carebellar  ablation  was  noted  to  occur  in  the  placing  reaction,  which  also 
became  hyperreactive . 

E iBctrcancaphalographlc  Record Inga 

In  the  literature  there  is  little  information  concerning  the  simultaneous 
eleotrocorticographio  recording  of  several  different  points  of  the  cerebrum  and 
cerebellum  in  unanestbatized,  unrestrained  animels.  In  monkeys  we  have  seen 
that  It  la  difficult  to  avoid  movements  artefact  and  therefore  restraint  was 
necessary  in  order  to  get  good  recordings.  The  cats  in  general  lay  down  peace- 
fully without  restraint  and  vers  not  disturbed  by  the  presence  of  the  electrodes 
nor  the  connecting  leads  and  recordings  were  easy  to  take. 

In  this  Banner  we  are  accumulating  data  on  different  days,  which  will  be 
used  as  the  baseline  for  our  future  studies  to  learn  possible  ohanges  Induced  by 
electrical  stimulation  of  different  points,  and  eventually  by  administration  of 
drugs.  A very  pleasant  feature  is  that  recordings  we:  alike  on  different  days. 

Results  of  Electrical  Stimulation 

The  electrical  stimulation  of  the  superficial  and  hidden  motor  cortex  In 
the  oat  evoked  a vide  variety  of  movements.  The  hind  limbs  were  mainly  repre- 
sentad  In  the  hidden  portions  of  the  sulcus  cruoiatus,  and  the  face  and  the  fore 
limbs  were  represented  in  the  inferior  part  of  the  sulcus  prssylvlus,  confirming 
In  this  way  some  of  our  previous  studies.  The  effect  of  stimulating  the  cere- 
bellum, in  vhich  our  collaborator  Arnold  Schulman  has  been  mainly  engaged,  has 
boon  vary  interesting.  The  motor  affects  resulting  from  stimulation  of  the  neo- 
onrabellum  were  indistinguishable  in  moat  respsats  from  those  resulting  from 
motor  cortical  stimulation.  At  threshold  value,  the  movements  were  veil  coordin- 
ate! and  occurred  only  during  ottirilation.  At  higher  voltages,  softer  discharges 
occur,  :‘Jic  at  still  higher  stimulation  values  cerebellar  aui/.uros  of  tha  type 
deaertbed  by  Clerk  (2)  vert  brought  about. 

Th<;  Tji'rri'ii’ptp  e Hu  1 tub V from  the  cerebellum  consisted  of  opening  the  nouth, 


lickjtng,  squinting  of  the  eyes,  movements  of  the  facial  musculature,  scratching, 
and  flexing  of  both  the  fore  and  hind  limbs.  These  motor  effects  appeared  upon 
stimulation  in  a manner  similar  to  movements  resulting  from  motor  cortical  stimu- 
lation; the  characteristics  of  the  responses  vere  in  fact  bo  similar  that  ley 
only  observing  the  evoked  responses  it  was  not  possible  to  guess  whether  the 
cerebellum  or  the  cerebral  areas  vere  stimulated.  It  can  therefore  be  stated 
that  the  movements  elicited  from  the  neoeerebellum  did  not  lack  the  explosive 
quality  of  thooe  resulting  from  motor  cortical  excitation. 

Although  the  same  points  in  the  cerebellum  gave  the  same  motor  responses 
at  essentially  the  same  threshold  of  stimulation  on  successive  days  of  (stimula- 
tion, no  clear  out  spatial  representation  of  movement  vas  apparent  In  the  neo- 
cerebellum. While  there  was  a tendency  of  the  head  end  fore  limb  movements  to 
oacur  from  the  more  anterior  portion  of  the  ansiform  lobule  and  $or  the  poster- 
ior portion  to  elicit  posterior  Hmb  movement,  no  definite  statements  can  be 
made  at  this  point  as  to  hov  definite  this  representation  actually  is. 
Blwultaneous  Btlmulatlon  of  the  Cerebellum  and  Motor  Areas 

Simultaneous  stimulation  of  both  the  cerebrum  and  neooerabellum  vas  carried 
out  utilising  two  stimulators  of  identical  design,  thereby  allowing  the  Indepen- 
dent variations  of  the  parameters  in  each  area.  Simultaneous  fixing  of  the  two 
stimulators  vad  accomplished  by  means  of  a relay  device.  The  areas  were  stimu- 
lated at  constant  one  minute  intervals  for  a period  of  two  saconda  by  moans  of 
a rotor  timing  device . 

Control  periods,  equal  in  length  to  the  experimental  period,  vara  first 
run  for  a given  set  of  points  in  the  cerebellum  and  motor  areas.  The  constancy 
of  the  threshold  of  stimulation,  as  veil  as  the  amplitude  of  the  response  vas 
noted . It  vas  found  that  the  animal  could  recover  completely  from  thia  control 
study  relatively  rapidly  (in  an  hour)  but  to  ensure  an  adequate  recovery  five 
hours  were  allowed  between  the  control  and  experimental  periods, 
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Stimulation  of  points  in  the  cerebellum  and  motor  areas  at  values  determined 
during  the  control  period  and  then  rechecVed  immediately  before  the  experimental 
period  resulted  in  rather  consistent  results.  It  was  found  that  stimulation  of 
the  cerebellum  at  905b,  10$,  and  11$  of  ite  previously  determined  threshold 
valuo  caused  no  changes  in  the  threshold  for  response  emanating  from  the  motor 
cortex.  The  cerebellar  and  cerebral  motor  responses  occurred  in  an  independent 
but  well  coordinated  manner.  For  example,  if  the  cerebellar  area  in  question 
gava  a turning  of  the  head  to  the  right,  and  the  motor  area  a lifting  of  the 
right  forapaw,  then  simultaneous  stimulation  of  the  two  areas  resulted  in  a 
wall  coordinated  movement  in  which  the  animal  simultaneously  liftsd  it*  right 
forapaw  and  turned  his  head  to  the  right. 

PLANS  TOM  FUTURE! 

In  only  two  months  of  work  naturally  the  projeot  1*  in  its  very  first 
stage,  and  our  plane  for  the  future  are  as  statsd  in  our  original  proposal  for 
contract. 

The  only  departure  is  in  ths  study  of  anoxic  anoxia  whioh  was  dependsnt 
on  the  availability  of  the  ntrato-chamber . Thl*  chamber  is  no  longer  in  uee 
and  th«  University  is  planning  to  remove  it.  Therefore  ve  shall  dsvots  all  our 
time  to  the  other  two  problsms  of  our  project,  namely,  neurological  mechanism* 
in  epilepsy,  end  relations  between  cerebellum  and  cortical  motor  area*. 
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